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Optical gaps of Si nanoparticles 
display quantum confinement

Various “modifications” cause 

decrease in optical gap –

absorption red shift

•Surface chemistry: Si=O

•Complete surface hydroxylation

•Surface relaxation

•Noncrystalline core

Surface Chemistry and Strain

What about solvation?

In summary…



Optical impact of solvents

1) Chemical reactivity/dissociativity – alters 

molecular composition and structure

2) Finite temperature – induces molecular strain 

and alters electronic structure

3) Dielectric screening impact on absorption –

• red shift in nonpolar solvents, e.g. benzene

• blue shift in polar solvents, e.g. water



Chemical stability of Si clusters in H2O

Reactivity in water vapour

Energy

productsreactants

Si5H10O (I): Eact=0.06eV

Si5H10O (II): Eact=1.2eV

Si5H10O (I) Si5H10O (I) Complete solvation at 300K



Absorption gap of Si cluster at 300K

Ab initio MD simulation:
Si5H10O (II) + 57 H2O
300K for 4.5ps

Fluctuations in gap 
directly correlated with 
Si cluster temperature

Absorption gap fluctuates 
wildly within 1.5 eV range

States involved in 
optical transitions 

localized on Si cluster



Polar solvents and absorption blue shifts

1) Ground state solute in 
equilibrium with dipole 

field of solvent

2) Excited state solute 
surrounded by frozen 
ground state oriented

dipole field

Polar solvents composed 
of molecules with strong 

dipole moments

Nonequilibrium excited 
state shifted higher in 

energy

More energy 
required to make 
optical transition

Blue shift in absorptionAbsorption and Emission process

Screening requires 
time for solvent 

molecules to reorient

Liquid water –
Debye relaxation ~ 1 ps



No H2O screening impact for Si cluster

Removing water does not alter trend 
in absorption gap

Solvated

Unsolvated

Thermal strain provides dominant impact



Conclusions

• Reactivity excludes Si=O from red shift in H2O

• Thermal strain in solvated Si5H10O at 300K

• Strain induced 0.7eV red shift in absorption

• Screening impact of H2O negligible at 300K
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